Changes in expression of drug-metabolizing enzymes by single-walled carbon nanotubes in human respiratory tract cells.
Single-walled carbon nanotubes (SWCNTs) have attracted attention for biomedical and biotechnological applications, such as drug delivery. However, there are concerns about the safety of SWCNTs for use in humans. To investigate the potential use of SWCNTs for targeted drug delivery to the lung, we examined their effect on drug-metabolizing enzymes in primary normal human bronchial epithelial (NHBE) cells from two donors and the lung carcinoma A549 cell line. Exposure of NHBE and A549 cells to SWCNTs dysregulated some of the important drug-metabolizing enzymes expressed in the human respiratory organs. Exposure of NHBE cells to SWCNTs for 24 h had a pronounced effect on expression of CYP1A1 and CYP1B1 mRNAs, which were reduced to less than 1% of control cells. These effects were also observed in A549 cells. Exposure of A549, HepG2 hepatic carcinoma cells, and MCF-7 breast carcinoma cells to tetrachlorodibenzo-p-dioxin induced the expression and enzymatic activity of CYP1A1 and CYP1B1, which were also suppressed by SWCNTs, suggesting that SWCNTs down-regulated both basal and induced CYP1A1 and CYP1B1 activities. Chromatin immunoprecipitation assays revealed that the down-regulatory effect of SWCNTs may be due to inhibition of activated aryl hydrocarbon receptor binding to the enhancer regions of the CYP1A1 and CYP1B1 genes. Down-regulation of CYP1A1 and CYP1B1 genes by SWCNTs may affect the defense mechanisms by reducing procarcinogen bioactivation in the human lung.